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On 23 October. 1962, the Chief, Research Branch, Division of Health
Wobiliation, Office of the Surgeon General. requested the Division of
Occupational Health to conduct s study on the effects of extremes of tha
environment on thelter occupants, desired by the Director of Research,
Office of Civi: Defense.

On S Nmoveber, 1962, the authors mat '.ith the Director of Research and
several of his assistanta in Washington. and presented an outline of the
study they were prepared to undertake under thtee headings.

Scopeof S tudy

State physiological and clinical effects of enviromentu; factors
in qcantitstive terms, and the relative contributions of each, in a
form which will guide planners as to the significance of various
combinations.

Will not try to estimate what conditians may occur or comment an
methods of ameliorating conditions, w'loss there is an overriding
physiological or clinical aspect.

Sets of Variables to be Considered

- -- ~'-t.,.*.. ,~.pa i (is& VOl £UU

aspects), air mcvemint, radiant 'heat, clothing, sm1roxi-stion
of persons.

B. Iluran factors: activity, ae, aCclimatj2atin, functional im-
pairment, disease, hydration, diet, normrl variation.

C. Si~ificant effects: comfort, sensations of distreL;s, func-
tional failures, physiological crises, exacerbation of existing
disesse, Infectious disease. water renuiremente, clothing re-
qui rements.



Approach

A. Establish ronme of effect for standard person on a psychro-
metric chart.

R. Establish quantitative adjustments to be made for departure
from standArd person.

C. Zstpblish quantitativo adjustments to be made for variationp in
environment other than ttmvperature and humidity.

U0 prepare tables of significant effect% for each zone.

Tres proposali we-e diie-uqsed in soe detail and accepted si th. besin
for contract nefiotintion. The formal contract was signed on 21 harch,
1963.

The contract wa further mended on 7 June, 1963, to provide for the
supply o SO0 copiep of the final report and an annotated bibliography.

In June. 1963. the authort presented art outline of the report being
dpveloWd, at a saminar on Physiological Aspects of an Austeire Environ-
ment". conducted by the Resenrch Directorate of the Office of Civil
Deftnqi .

This document con%tltttes the final report ander the contract. Th-
annotated bibli jn@,swJh . 1. IN^

vi



EVALUATIC OF ?TR. OF J Ot.A: 1 TN MtT.PS

Various ich~em whith ,,rvir ten advanced for expressing the significrtne"
of a given set of environmental conditions as a single num ber, or as a
semi-qu antitative simple phrase, are reviewed, including the katather-
moeter, wet bulb-4lobe thermometer, effective temperature, operative
tempernture. EP index, P4SR index, heat stress index, and psychrometric
plats.

An index of relaettut stitfl is developed, similar to that used by
Belding and Hutch V their heat stress index, but based on Burton's wet
clothes formula for the calculation of actual and relative cooling
demands. A chart is developed in w. -h relative strain lines are drain
on a psychrometric chart for standard conditions of activity, clothing,
air movement, and radiant heat transfer moat likely to be found in
shelters. A table is provided fer adjusting the reading on the chart
for cert3in ron-staMard conditions of activity and air movement.

The significance of each zone for a standard "average" person is ex-
pressed in graphic form ior such considerations as comfort, discomfort,
distress, tailure. performance, and tolerance. Cirther charts indicate
the sitnificance of each sone for such non-standard states as cardio-
pulmonary disease, metabolic disturbknces, gastrointestinal upsets,
psychological abnormalities, dermatological complaints, infancy, middle
age, old age, acclimatization, limited water supply, and obesity.

The report seeks to preosrit the best judgment of the authors on the
evidence available at this time. As krowledge of thermal physiology and
the effects of clinical disorders -upon heat responses is extended, im-
provemonts will undouhtedly become possible; but for the preaent it is
believed that the estimates presented here will permit optimum manage-
ment of the shelter situntion,



-2

SNLRV ENV!OWN

Over the sixty years sin:e Haldane roported on the .'ornish tin miners
(1) there have been numerous attempts to devise a system whereby the
significance of a given set of environmental conditions could be ex-
pressed as a singlenumber. or at leasta semi-quantitatlve simple phrase.
Efforts have centered around the thermal aspects of the environment
be:=c it "a t1;A. vvdent ile well-known physical laws gverning heat
exchanre would perm;t a relatively simple and reliable fonmulation to be
established. It still seems reasonable to concentrate on the thermal
aspects, but it is clear that a formulation cannot be simple and accurate
at the same time, and that a workable schem. must necessarily be rome-
thing of a compromise.

VARIAMUS INti VED

Three sets of variables are involved in assessments of significance:

1. Enviyormental conditions:

temperature. hi.sidity, air movement, noise, clothing, contiguity,
radiant heat.

2. IJman factors-

activity, age. acclimatization. functional efficiency or inetir-
ment. disease. hydration, nutrition, individual variability
within any one of these sub-classes.

.. Significnnt effects:

c mfort - discomfort. sensationa of distress, functional fail-
ures, physiological crlses, patbooglcal developments, exacer-
bation ol pre-existing disturbances, infections, water needs,
¢lothing n-edq.

Clearly io would be impossible, or at least Impracticable, to set up a
scheme giving full expression to A11 of these variables - even if the
necessary quantitative data were available. Same selection must be made.
and some condensation evfected in the presentation of data if the re-
suits are io be compr,,hensihle.
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SME ENVIDNMEM

CHARACERISTICS OF A PWICTIVE SCHUR

In making a selection of variables to be included, and in judging the
adw uacy of any particular method, the requkrements of an ideal predic-
tive scheme should bu borne in mind. These have been set out elsewhere
(2) as follows:

A. Permits read-in of data on the primary stress factor. Involves:

(I) Establishment of true stress factor or constant accompani-
ment

(2) Recognition of variability in nature and effectiveness of
factor

(3) Development of accurate measurement of factor and equiva-
lences of variants

B. Permits read-in of modifying effect of other environmental con-
ditions. Involves:

(1) Lecognition of factors having modifying ,ffects, and quan-
titative relationship

(2) Measurement of incidence of modifying factors

(3) Establishgment of any interactionbetweenmodifying factors.

C. Permits read-cut of predicted effects on standard individual.
Involves:

' Recoviitien of impurtant effects

(2) Establishwment of quantitative relationship between effect
and primt , stress

(3) Measurement of effects

(4) Determwination of biological (or social) significance of
effects, if poss;ble as single integrated value.
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D. Permits adjustment of prediction to non-standurd individials.
Involves.

(1) Establishment of characteristics which ffect rejvnses

'2) Measurement of characteristics

(3) Deteruination of quantitative effects of thesecharacter u-
ticx upon responses.

E. Indicates limits of confidence. Involves:

(I) Errors in measurement of primary and modifying factors

(2) Sampling errors in time and place

(3) Uncertainties in quantitative relationship

(4) Errors in measurement of response

(5) Individlual variability

(6) Uncertainty in integration of different responses ta give
inclusive measure of strain.

F. Is applicable to various time-distribuiions of exposure.
Involve%:

(1) Response development on commencement of exposure

k2) Rsponse decay ot cessation of exposure

(3) Sets developing as result of exposure or absence of ex-
posure

(4) Application of cyclical, intermittent or graduated ex-
posure.
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Atteugt s to provide predictive schemes fall roughly into threr groups:

(1) Instrumental methods souiht a devicewhich would respond to the
major environmental variables conjoirtly and in a fashion com-
parable to man's.

(2) Physiological methods, at the other extreme, set up charts or
tables based n measured .A.men reipnsa, from which a given
combination of enviromental conditions could'be evaluated.

(3) More atteation has been given recently to formalation methods,
which seek to base eveluatiaii on the difficuilty of maintain.
ing a thermal balance in a given environment.

Some of the better krn examples follow.

Katathermmaeter

In its earliest and simplest form (3) it was an alcohil thermometer,'
with a bulb measuring 1.3 x .75 in. and two marks engraved ,
corresponding respectively to 100 and 950F. The time taken for It tqi
cool between theme two marks, after it had been heated to a higher, tort-
pereture, was measured. From this time, and the amount of heat lost "frrA
the katathermometer in cooling (the "factor" engraved on the stem), the
M_ In;t.=--..* b*# zl. war S Zh-o &t -. 0-64 ksW S l - s-U09 i;

the cooling power indicated the combined effect of air teopertture,
radiant heat, and air movement; when the bulb was wropped with a wet
sock, the cooling power included the effect of humidity 6 'well.

Because the shape, dimensions, and thermal properties of the ke
differed markedly from those of the human body, it fell Into dlevie. A
silvered version in three ranges (10u.95; 1301251 HO4I4507) htut fro.
quently been used to measure turbulent air omvsment. (4).

Wet Bulb-Globe Thermmeter

Minard end co~workers (5) developed a simple indexof cimbined effects
of tempereture, htmidity, radiant host. and air movement, Ab/lch 'i ob-
tained b7 combining dry bulb temperature (MBT). wet bulb, tmperS:-..re
(I3T). md conventional dry globe thermometer temperature (fJOTI, in the
following fashion:

For indoor use: I3MT .7 (IT) + .3 (Wf)

?or outdoor use: W]GT .7 (Wi) + .2 (GBT) + •1 (DBT)



A c=prehensive table of evaluationi seer.s not to have been published,
but the following practize has been reported for U. S. Marine Corps
training centers:

VW 82 to 84.9 Green flug. Alert for possible curtailment of
drill.

q3r 85 to 87.9 Yellow flag. Active drill curtailed for new
kw.. LIms t'our We s) recruits.

WOGT 98 to R0.9 Red flag. Active drill stopped for all re-
cruits, except those in last quarter
of 12 weeks training may continue
routine training.

WBGT 90 and ovrr All training ,topped.

Se have fowad tho globe thermometer to give unreliable readings in gusty
wind. or in the "ficinity of .ct surfaces of Iloited extent, so that we
would not expect the WDGT to be -ery accurate in many industrial situa-
tions. The significance of a given value for VW'F needs to be considered
in term& of the activity of the per-on entposid, him clothing, degree of
acclimatiriation, otc.

Effect ive Temperature

The earliest and most widely known schne for indicating the thermal
aiwiticar.ce oi environments based upon physiological reactions, is the
"Effective Temperature" scheme, developed by a research tea" in the
American Society of eating and Ventitating Zlnginerv.(6) Test subjects
were exposed serially to atmapheres with different tom1erstures, humid-
ities. and air movements, and asked to rate their comparative sensations
of warmth or coolness. From a largfo muber of records tw nomogrms were
drawn up indicating the combinations which preduced comprable sensa-
tions: (a) on normally clothed persons, and (b) on persons stripped to
the waist. The latter is seldom used. For simplicity of understornding
the significance of amy cmbinution is expressed as the temperature of a
still, saturated atmosphere vhich would pre-rICe Lte same effect. For
example, normally clothed persons exposed to a dry bulb tewq4eratu-e of
760. smet bulb temperature at 621F, and an air movement of M10 ft/eiin,
on the average expressed the same sensations as when they were exposed
to "still" air (actually an air velocity of 25 ft/min) with both dry and
wet bulb timperatures at 64F. 1he "effe.etive t erature" ot tne former
atmosphere is, therefore, said to be 68°F. From the appropriate nose-
arm, (Fig. 1), the "effective temperature" of any combination of dry
bulb temperature, wet ,N01! Iet'rature, and air movement can be doter.
mined.
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ihts, like Ajy other scheme, has certain limitations. Most of tbe. e were
elrarly recogfnized by the nuthor.%, but hnve not always bee" observed by *

users or critics.

(1) The basic observations were mnde on a specific group of sub-
jects -- healthy. young . white men ad women. living under the
current American conditionr of climate, housing, clothing, e.c.
The results are not necessarily representative of other groups,
and should not he applt.Fd with abandon to inhabitants of
Fnpland, lot nlrne to Eikimso or African piamies.

(2) The observations relate only to sedentar!, conditions, although
%ome later modifications were drawn up to make the scheme
applicable to greater ectivitien.(7)

(j} The scheme applies only to persons clad as described. Heavy
clothing could be expected to reduce the effect of air move.-
ment still further.

(4) The original scheme applies only to situations in which the
me.n black body temperature of the surroundings is substantial-
ly the same as the air temperature. It has been shown by
Bedford (4), however, that the scheme can continue to be used
%bere the temperatures ua the surrounding surfaces differ from
air temperature, provided that they are fairly uniform, if the
globe thetmometir temperature is substituted for the air tem-
perature.

(5) It does not npply Rt air movements belo. 25 ft/min.

(6) It is not r,,linble at tht upper end of the scale -- E.T. above
90'F -- since seniations of heat cease to be very good guides
under conditions as hot as this.

(7) The scheme in its original form gives too much weight to
changes in humidity at the lower end of the scale. The lines
have recently been revised (8), but the entire nomogram has not
yet been redrawn. The nomogram and the revisions are given as
separate figures (Figs. I an 2).

The effective temperature scheme was based upon sensations of warmth and
conlnens, but there was superimposed upon it later a scale to indicate
the proportion of the test population that could be expected to be corn-
fo-table at varicxjs effective temperatures. Some indication of th, vari-
ation in preference% of different populations is given in Fig. 3. The
sc'he me provides no scale for evaluatinp the physiological significance
of etrrq-% above or below the comfort 7one.



L'Ierat ivc Tstporature

Workers at the Pierce Laboratory of Hygiene (12) early entered the field
of forvulation with the "operative temperature," which expressed the
cobined effect of air tempersture, wall temperature and air movement as
the temperature of still air (and walls) whi:h would permit the same
rate of beat o1s.

0 + It

wvere K is ratio of radiation o convection constants

to is standard operative temperature

tw is mean black-body temprature of walls

ta is Air temperature

V is rate of air movement

Vo is standard air movement (IS ft/min)

t. is temperature of skin

The prooonents of thin *r.m.- c le r,.-c.. x.p .. r A' -.. o; ,, u
humidity from the equation on the groumds tat: (a) humidity is not a
factor in heat loss under cold conditions; (b) that if the humidity is
changed under hot caiditions, the umevaporated sweat passively ivcreases
the extent i the water film on the skin and dots n-)t put an extra burden
on the body. In spite of this defense, the omission of humidity was felt
to be a weakness. arid the scheme was never widely adopted.

E' Index

Robinson amn .o-work-rs (13) devised an index of envirounmental signifi-
cance based on the combined response of rectal temperature, pulse rate,
skin temperature, and sweat rate. The concept of relative strain, that
is the deviation from normal as compared with the iaximim deviation that

the body con tolerate without breaking down, was used here for the first

time, although not clearly labelled as such. The relative strains for

pulse rate,,skin L-mpcrature, rectal temperaturv, and sweot loss were
established for a variety of conditions, and the results expressed on
dry bulb v wet bulb temperature grids (Fig. 4). Unfortunately, this
schme, in coomoon with most p1ysiological metids of prediction, doesnot
!urnish any bmsis for ^vtrpolat ion to ietx of conditions other than
those used in the original experimentq.



Figure 2. Y.FTECTIVE IDAU ILINESM& 1E3KZ Y DIPFFKWT INVESTIGATNS

Thin continuous liness--original ET lines (11); thie1h contin-

tious lines--Korh. Jennings and THmphrey;- (8); dash lines--

Yaslou's lines of mean skin temp~erature (9); dash-dot lines--

Jennings arA Givoni thermal sensat inn tinot f/flN. Alt ^f tho

never lines show considersbly less slope with humidity than

the original ET lin'rs.
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Figure 4. EP INDVX CF PYSI(XOIACAL EFFCI CF ( NVrVIN'~TAL COD-ITONS.

From Robinson et al (13).

Upper left: clothed men walking at 5.6 km/hr up 2.'% grade;

upper right: men in shorts doing same work; middle left:

clothed men walking ft 4.5 b, /hr on level; middle right: men

in s.orts doing same work; lower: mn in shorts sitting at
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McArale and co-workers (14) developed a nnmogrium whereby the signifi-
cance of different atmospheric conditions is expressed in t-rms of the
sweat 1osr they induce. With a later modification (IS) it was made
applicable to various combinations of clothing and levels of activity
(Filq. S. ) for conditions which are hot enouih to induce moderate sweat-
int. bt not ,sffiriontly ..vr. t e..-r-. *e -te z ----3'1'--* -

inlex works fairly will. Care is necessary, however, in applying it to
people who diff.r markedly in training or meclimatization from. those
,1sed by the authors.

Heat Stress lndex (I

Belding and Hatch (16) explicitly tackled the concepts of stress and
strain. O the former, they reported: "Heat stress is considered to
exist whenever, despiti vasomotor adjustment, metabolic heat production
exceeds the combined losses by radiation and convection." Strain they
regArded as the probable consequence or exposure to stress, and by a
sequence of reasoning that is not quite clear, hit upon expressing
strain as the ratio between: (a) the rate at which evaporative cooling
is needed to balance the stres%, and (b) the maximum rate at which
evaporative cooling can be viintained in thot particular environment.

Evaporative coolini required

Maxim.m evaporative cooling possible

An will be seen later, thin ratio would be better termed "relative
Pntrain".



For quantitative expressions the authors had recourse to data obtained
on military subjects by Nelson et a!. (17). with the following result:

M - 22(t w - 95) + 2 tegI(to - 95)
Strain =

10.3 V0 ' 4 (42 Pa)

tere M is metabolic rate in MJU/hr

tw is temperature of wells OF

ta is temperature of air OF

V is rate of air movement in ft/min

on is vapor pressure of air In = hg
(obtainAble from dry and wet bulb
temperatures)

As the vapor pressure of .he air decreases or as the rate of air move-
ment ittcressesv, the value of the denominator will icrease. The authors
placed a constr7i,t upon this value of 2400 BTU/hr, *n the grounds that
the tx-dv cannot maintain n r=tP ^f , .=7=4,3t..-. r.a...tI -It : ,
cnoling than this.

A chart was provided for determining the HI value for a given set of
conditio's (Fig. 6), and a table (Table 1) for deternlning the signifi-
c -tce of the valutc obtained.



Figure S. NOMO(RAM F(R THE PRDICTIOI OF I 4-1AYR SWAT LOSS OF FIT,

PAOMMMEim MOUG MCN. SITIG IN MOM (14).

Locate point of intersection of wet bulb temperature and air

velocity lines at right side of diagram. Join this to the

globe or dry bulb temperature reading on the left side of the

diagram. Mie point at ui ich this transverse line cuts the air

velocity line in the center of the diagramindicates the basic

of work by ,,dding to the wet bulb temperature reading the

amount indicated- by the stall chart at top left. (The appro.

priate figure for the ietaholic rate can be obtained by

reference to th- table oci p. 21 of the text).
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Figure 6. F" CRAMPM l IxMrNM SLEAT STUS OM (16).

Example: Globe tempcrature 11OT, dry bulb temperatute 90F,

wet bulb temperature 750T. air speed 100 ft/win, metabolism

600 BTU/hr. For solution follow broken lines. HSI c 90.
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Table 1 - Evaluat ion of Values In Belding and Hatch H.S.I.

lfnex of Physiological and HyRienic Implications of 8-hr
Heat Stress Exposures to Vnrious Heat Stresses

-20 Mild cold strain. Ibis condition frequently exists in areas

-10 where men recover from exposure to heat.

0 No thermal sttain.

+10 Mild to moderate heat strain. Where a .ob involves higher
20 intellectual functions, dexterity. cr alertness, oubtle to
30 substantial decrements in performance may be expected. Ir

periormance of heavy physical work. little decrement ex-
pected unless ability of individuals to perform such work
under no therml stress is mnrginal.

Severe heat strain, involving a threat to health unless men
are physicclly fit. Break-in period required for men not

40 previously acclimatized. Some decrement in rerformance of
50 physical work is to 'I expected. Medical selection of per-
60 sonnel desirable because these conditions are unsuitable

for those with cardiovascular or respiratory impairment or
with chronic dermatitts. Iiese working conditions are aiso
unsuitable for activities requiring sustained mental effort.

Very severe heat strain. Only a small percentage of the
population may t-, expected to qualify for this work. Per-
sonnel should be selected (a) by medical examination, and
(b) by trial ot the job (after accllmatizatlost.) Special

70 measure% are needed to assure adequate water and salt in-
80 take. Amelioration of working conditions by any feasible
90 means is highly desirable, and may be expected to decrease

the health hazard while increasing efficiency on the job.
Slight "indisposition" which in most jobs would be insuffi-
cient to affect performance may render workers unfit for
this exposure.

100 Tl,,o mximum %trnin tolernted daily by fit, acclimatized
y.u .i m,-n.
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Thie sche we was a dilstinft advance on previous proposals in expressing
the utmeasurable strain as a dimensionless ratio between definahl. quan-
tities. It is unsatisfactory in that it does not include the effect of
clothing, and ignores physiologlical reactions other than sweating.
Attempts have been made more recently to moet some of these objections
(18). but the practical application awaits further development.

Ab a supplemental device to the various indices in determining the
acceptability of environmental conditions, it is sometimes useful % have
a psychrmetric chart on which are plotted those combinatioria of temper-
ature and humidity which have been found to have equivalent effects, an

revealed by estimates of 'comfort," limiting physiological responses,
threatened physiological bresidaown, etc. The more iluminating of these
lines of equal effect are given in Figs. 7 and 8. The conditions of
activity. air movement. mnd clothing applicable to each are showm in the
appropriate box.

BASIC FOOLATIN

IEFINITI(O

For many years one of us (D.H.K.L.) has insisted in teaching and writing

that, if physiologists use physical terms in a physical connotation,
they should conform to the tsage of physicists. Stress is defined in the

Handook of Chimlstry and Physics (23) as --the for-ce producing or tending
to produce deformation in a body. measured by the force applied per unit

area". Strain is defined as "the defoismition resulting fr. a stress,
measuredsVFW# ratio of the change to the total value of the dimension
in hich- the chaige occurred".

When the concepts contained in these definitions are aplied to the case
of a living organism exposed to heat, the term "stress" should clearly

re!er to heat gain imposed on *he living system, and "strain" to the
changes in the living system resu;ting from the application of that

stress. It is unfortunate that in at least one field of physiology, the
essential difference between these trmqt has been completely lost. The
authors agree completely with Belding and Hatch on this point.



4' *10 

be

4' U ', 4 U

4 ' I . ~ b 0 4 
.b 

.

9' wL V 2~ ,~ *



.1. i~f v eu eji sine oLm

)1 W Mfl~i~ OdVA
0 a d% a

liii~~ 
Ii1~: ii I I I T I

..... got

. t

oo

-J -~ .IWO
z 

/

ada

Sq

gum

odf l I I1imi 1 '

I" ) l



N-

41 I~ 41 *~1 41 I 41 ~, 41C .~ 0 Li e c ~ b. 41 .C .-..D c tt .- 0 ~ ~ 4'U ~ U Li 4'~' ~ 4' a. U -. 041 9 ~ 41 &. 41 Li b.

o ~.. *~ S. ~ *~ 4
4' S 'I *~4' U

4' 
'I* -a ~-. (.4

0 .- .~ 41 -4~ - ~ - U 0S. -

(~ 41 4' 
*~ ~ Li _~ j~ '~ q; ~.~ U C* c W ~.

4' .-

B II
' 4' ~ 4.' 1. 4.. 41' 

0 
4'

Li ~.'

4' 

4'

4" 4. ~ 41 ~

Li .... - 4" a) U 41 ~
4' .~ - I-* ,~ ~ Li4' U - 0 * ~ ~ I.. 41~ ~ 4 U .~ -
9 

0 ~

C4.. )% 4', ' U ****U ~ 4 '
Li w -

41 I. ~ 4 41 
.~ c *~ .~U -, a

I
~a.



4. ~ ~ Cm LI~)U1 **jM a a
I A -

to

"ft

VI -T T T

T! Ii ' .. .I

J40-
U - .-

0 6L

or*

4*- w

Iito

Io

we~g -- ~-~-- L.JA,-LL~L~WJ.



13

When 'one goes beyond the crncepte to dimensions of the terms, and modes ...
of qttwntittive expression. one runs into some difficulty with the term
'force". Even in physical systems there are 4tfficultles when one deals
with other than mechanical forces and -york energy, Mechanical force is
energy,/distance and has the dimensions mlt , but temperature, which Is
often regarded as a "'force', is energy/entropy and has its own dimension
(24), For our purposes, we will follow our own earlier practice, similar
to that of Belding and Hatch, and use energy intensity, that is energy
tran sf v rT '---!nt .ur!ne rea p; tu,." tlv us ilia 'Ifnrr::,&. As we wilt
eventually he concerned with the ratio between two such expressions of
intenity, it matters little whether certain dimensions are included in
the original selection or not.

M12ATIVE STRAIN

The evaluation of a thermn1 environment as n rtiohas been an ,attractive
tiwept th..#. loot twenty years. bit iWa diff~red as to what shotild to

into the ratio. As we have seen, Robinson (t3) used the observed re-
sponse of four functions In comparison with the maximum response that
the holy could make without breaking down. A Quartermaster Aroup (25)
propos,d the ratio of the opporttmity for heat loss to the heat produced
by metabolism (less heat losu from the lung%). One of us (D.l.K.L.)
it-irting from the tandency of lines of equal effect, plotted on a
psychrometric chart (Fig. 7), to change slope with intreasing stress,
sought to express strain rs the ratio between the threatened rate of
heat i ,in wW an ompirically derived expreroion of th. opportty for
evaporative compentatlon (26).

Belding and Hatch cut the Gordian knot by using the ratio between!
(a) thrrote at which evaporative cooling is neededto balance the stress,
and (b) the maximum rate at which ev-,porative cooling can be maintained
into that partiriulr onvironment. It replaced the author's empirical
expression of evaporative possibility with a rational one.

This rcsu lted in an indc-x which at least expressed the concept of strain
a a deformation resulting from stcess, postulated a direct relationship
between this measure of strain and the applied stress, andwas dimension-
less. It departed from the narrow physical definition of strain in com-
parinZ the extort of deformation with the maximsum deformation possible
withmst system breakdown, instead of with the normal dimensions of the
system.

ilovvvor. it is precisely the ratio of deformation produced to the mnxi-
mm permis5i%)le deformation that we wish to know. The conflict with
physical practice can be resolved if we will change our nomenclature
somestat, and term this rntio the "relntive rtrain". The present authors
feel that this in in any case a beftte term. itni -e it is the relativity
that we wish to emphasize, and we will use it hereafter.
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The Belding and Hatch index of relative strain had the ditadvantage that
it was based upon the reactions of nude subjects, and did not provide
for the effects of clothing. The proponents took the view that not
enough was known about the effocts of clothing for this consideration to
be Included in the quantitative expressions. Some concession was made
to the morked effect of clothing under conditions of high fadisrt heat
in a later paper (18), but the allowance was empirical. It Is not clear
wt.y they el*cted to Ignore Pirton's equations (27). which do provide
tcrms of clothing effects. It is true that the expre-.sions used by Burton
can be rege2ded as no more than first order approximations, and that the
appropriate values for the cc'tants should be explored over a wider
rante of conditions than those used in the Pierce Laboratory experimcnts
(12) on which they were based. But they do provide a basis for dealing
rntionally with clothing effects, and if incorporated into the ex-
pressions constituting the ratio shuld pervit more satisfactory appli-
cation to a wider range of circumstnncet.

First Formulation

Ch these assumptions the present Puthors made their first modification
to the UtS: by substituting the following expression for that advocat^d
by Belding and Hatch:

S. SS(t a - 35) t RIBM T + T

Relative Strain
5(44 - Pa) in

r. In + Ic

where M is n-tabolic rate in kcal/sq m, hr

ta is air temperature in OC

R is mean radiant heat incidence in kcal/sq m. hr

In is insulation of air in clo units

1c is insulation of clothing in clo units

Pa is vapor pressure of air in mm hg

r is resistance of air to outward passage of water vapor
expressed as equivalent cm still air
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This expression redtices to __

M(Ia 1
c ) + 5.5S(t a - 35) + Pla

Relative stran"
5(44 - Pa) " I./r.

And according to Bkirton, Ia/ra -- 1.5

Eplaiiat0o of Te.rms

M, thr metabolic rate, is the same as in the Belding and Hatch formula.

The bracket (t a - 35) correspodls inthe ccnt rigade scale tothe (t a - 93)
in the Beldina and Hatch formula, but the square voot of the sir movement
in the former is here replaced by a more complicated expression. the in-
verse of two quantities 1a md Ic. Is expresses the effect of changing
air movemeni as did the souare root of ambient ai'r velocity, but 1c
introduces the further ,ffect of clothing in wodifying tle rate of air
movement over the skin. The relationship between 1. and V is given in
the following table:

Standard Values for 1a (28)

Insulation
clounits 0.1 0.15 3.20 0.30 0.40 0.50 0.60 0.70 0.80 0.85

Velocity of
air movement

miles/hr 51.0 22.7 11.9 4.85 2.39 1.27 0.85 0.57 0.49 0.34

ft/min 4.500 2.000 1.050 425 210 120 75 50 35 30

cM:-cc 2.280 1,015 534 216 107 61 28 25 18 15

Thl.. volu.. of 7 for dry conventional clothing is given approximately by
the mean thickness of the clothing ensmble from the skin surface to the
outer margin of nap, including any intervening air space up to .6 cm.
(For detailed !xplanstion of the reasoning behind these expressions, see
29, 30.)

The coupling of I. with the ditun for incident thermal radiettio-i pro-
vide- for the fv.:- that part of the heat derived fron absorp:ion of
radiation is swept awny by movement in the armbient nir.

The br,'cket (44 - p), corresponrds to the (42 - pa) in the Brldiig and
ilatch formula, btit the fractional power of the air movement is nizain

,placrd by an int'er - exprt,::ion of rcistivitv.
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The modifying fraction I / (TA + I) in the denominator is designod to
compensate for the probatle evaporation of sweat at the surface of the
clothing instead of at the skin surface. As paii.ted out by Belding in
an earlier publication (31). part of the heat removed by evaporation is,
under these circumstances, taken from the ambient air rather than the
skln-clothing system.

Further Nodification

To test the relative applicability of the two formulas -- that of
B lding and Match and the one just derived from Burton's equations --
one € n 6ubstitute reasonable values for all of the variables except
temperature (tL) mmd vapor pteasu (Pa), plot lines for various values
of relative strain o a temperature/vapor pressure grid, and see to what
extent the predictions correspond to experience.

Sin#-- we are ultiately concerned especially with conditions likely to
prevail in shelters. we can postulate the following standard values:

N 100 kcal/sq mhr (walking at 2 mi/br)

1C  I clo (standard business suit)

Is :0.4 (ambient air movement IOU ft/min, air movement
caused by body movement 110 ft/min)

R 0 (wall temperature = air temperature)

The above formla bssed on Burton's dry clothing equations then reduces
to:

18.7 + .7 4 (ta - 35)

R&ZC - 44 - pa (ta in OC)

The corrosponding exlression from Belding and Hatch's formula weuld be:

8.2 * .S (t a - 9S)
4 4 Pa (ta in0 F)

The corresponding mets of relative Atrain lines ai-e illustrated in
Fiv, 9 And 10.
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Ne*ither of these sets corresponds very well with one's experience. The
Burton dry clothes formulation lies much too low ,mnd gives a value of
zero strain which is clearly in the coo! region. The Balding and, Hatch
formulation, on the other hand, places the zero strain position unde'r
conditions that are too warm. It also ,eems to under-emphasize the
effects of high humidity at high temperatures, as might be expected of a
formula based on the reaction of nude men.

Further consideration showed that the values cssigned to the insulation
of clothing in the dry clothes formula were toongreat in two resptcts:
(a) mnvement reducE.. the effctivene. of the insulation by promoting
exchange of air between deeper spaces and the rambient air; and (b) the
maximum opportunity for evaporation is not attained w!hen the skin is
completely wet unless the clothing above it is also wet.

The mathematical considerations for these two fsctors are far from fully
worked out, and they would greatly complicate the expression used for
relative strain. At this Juncture one must rest content to make an
est*nate of the ewtent to which the value for dry, clothing insulation at
rest need. to be reduced when the clothing is wet and movement io taking
place. We found that, when a valtAb6f 0.4 for 'cw was substituted in
the formula instead of the value of 1.0 for Ic . much greater ccmpati-
bility with experience was obtained.

oub'tless in the f/iture iich e moepreeitw,'timatfonswi'll be possible,
but for the present we believe- that the, estimate used here is per-
missible.

The proposed formula for the previously postulated "standard" conditions
then reduces to:

80 + 5. SS(t a - 35)
R31M 7.SS(44 - pv)

1.07 4 .74 (ta - 35),

4,4 - pa

If the air temperture (ta) is to be epressed in OF, the coefficient in
front of the bracket becomes .41. The eT"licabllity of thi. formulation
will be e'xamined aftmr a whorL rcapttulntlon.
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To recapitulate, we have:

an Keneral formula:

S.SS(to - 33) + Ri
I4 a + ;W

S(44 - pa) is

ra is + Jcw

which reukces to:

V(1CW + In) 3.55(ta - 33) No

7.3(44 - pa)

and, whenwe sbtttitute reasonable values for a person with activ.
ity equivmlent to walking at 2 mi/hr. in a light ousiness suit,
with ambient air movement at 100 ft/min, and wall temperature

1.07 * .74(ta - 35)
ss -- -with t. In oC

44 - pa

For each value of relative strain fromu 0 (no strain), through I (maxium
theoretically tolerable strain), to higher values (body must heat up), a
straight line can be drawn on a psychrometric chart.
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There remains the question of limiting values. If we accept Belding mid
flatch's estimation that for continued tolerance the fg.ximum nl:owable
sweat rate is 1 liter/hour, and if we further assume that, after equi-
librium is established, the rate of evaporation will be maintained at
the same rate, then the denominator in the general equation cannot ex-
ceed the rate of cooling produced by the evaporation of this sweat.
Under our postulated standard conditions, this would mean:

5(44 - Pa) in 1000 x .54

ra in. 1CW1.75

vhdie the latent heat of evsporation is taken As .54 kcal,'gm, and
the surface area of the body as 1.75 sq m.

Tr-i reduces t "

Pa I Mt fihg.

or. to put it more clearl, at vapor pressures below 11 = hg. the
maximum attainable rate of evaporation cannot further Increase, and
relative strain linei would b-come vertical.

This constraint upon maximum rate of tevaporation appears reasonable, and
one *ould certainly exaect the unit strain line tn ahnw an inflap-tn -
the critical vapor pressure line. The definition adopted for relative
strain would certainly make it logical that relative strain lines of

both lower and higher values should become vertical at the some vapor
pressure, but one cannot escape the feeling that it is unrealistic to
require a chanEe in the %,lope of a lower valued line at a point where
the full pot: ntiality of skin wetness is not yet reached, or, for that
matter, to delay the change of stop- in a higher valued line beyond the
vapor pressure at which the skin actually becoines completely wet. At the
time of making this report the problem is unrenolved. For the time being
the auhors have decided arbitrarily to continue the relative strain
line% without change of slope down to the 10 per cent relative humidity
cuive or the 10 q-i hg !; n, whichever ii lower and leave lower humidi-
ties in a zone of uncertninty. Since very high relative hkiidities are
apt to introduce special factors of undet-rmined effect. they have alse
terninated the relative strnin lines at the 9- p-r cent relative humidity
CU r Vt,

Fig. I precnts telat ive strain ! iner for valtie* 1 to 1.5 dr ,n on a
psychrcaetric chart for thr postulated -tandard conditions.



20

1W9 posiion of the sr* line with this formulation is considered to be
in an acceptable position, and the position of the unit strain line
corretpands well to the authors' experience in such varied conditions as
saturated atmospheres in mtlitary tanks, hot wet jungle conditions,
summer operations in Dea~s Valley. ,od conditions in machinery enclosures
ox.psed to full desert sun. Unhder the various sets of conditions repre-
sented by this line, the maintomence of any kind of thermal balance is
precarious, and tolerance bey d a few hours virtually impossible. This
"lne a a u vwry closeoy to that established by Robinson as marking
the limit beyond which het equilibrium could not be reliably maintained
for more than two hourt. Other comparisons between the lines of our
proposed chart and v |uos established by others will be given in the
succeeding section dtf this report.

M MA!m&N 4TNAM Comon

Ilhile the chart drawn for the postulated standardcnditione will suffice
fea a lerg proportion of situations encountered, therewill be instances
where conditions will depart sipificantly from those postulated. It is
not necessary, however, to draw a family of charts to meet ell of these
cases. Reference to the rduc*d version of the general formula (p. IS)
will show that a chenge from the poctulated value for the metabolic rate
(M), ambient air movwt (represented by Ia), or insulation of clothing
(I.) can be imitated by a change In to (temperature of the air). In
ot r wcrds if one wishes to use the standard chart for other than the
postulated values, one simply has to know what change in the air temper-
sture would give the some effect. and aM nr aihtraev this vftlue f.=
the actual air temperature. The sm thing could be done vhere the mean
radiant temperature of the surroundings is different from air temper-
ature.

The following table gives estimated changes in the metabolic rate (M),
insulation of wet clothing (1,w) and insulation of the air (Is) due to
body movement occasioned by activities oth'r than the standard "walking
at 2 mi/hr".
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Activity f Ic . Work Air Movement*

SleepIng 40 L

Lying awake s o.5 20

Sitting still 5 .S 20

Desk work 60 , 4 , so

Stand still 65 .5 30

Occasional stroll 100 .4, 100

Walk 2 mph t00 .4 200

Walk 3 mph 140 .3S 300

Walk 4 mph 190 .3 400

Moving loads 100-350 .3 250

0 to be added to mbiet rar mOvtment in determining 1'(Ift/min)

•1 , the, air movent La different from 100 ft~win, then' a change must be
made in I irrespective of the above. Table 2 presents the mounts to be
addWi to or subtracted from actual sir temperature to compensate for
sctvity and air movement different from those used in compiling the
stomleutrd chart,



Table 2

Correction to to for Non-Standard Activity and Air Movement OF

Activity ibtent Air uvoe. t (it/in)

Type kcal/ 25 SO 7S 100 200 300 400 S0
sq m.hr

Sleeping 40 -S "6 -" -0 -10 -11 -12 -13

Lying make 5O -3 -S *6 -8 -10 -11 -2 -13

Deskw ork 60 -6 -7 -8 -9 -10 011 -12 -12

Stending
still 6S -2 -3 -4 -S "6 7 -8 -9

Walking
2 mph 100 X X -1 -2 -3 -4 .5 -S

Walking
3 q6 140 +6 +S *4 +4 +3 +2 +2 -1

Walking
4 h 10 *1 411 410 410 *O +8 47 +5

Lifting 400- -3 to -5 -S -" s 6 -8 -8 -8
350 +S0 to to !o to to to to

SO +46 +48 +42 +37 +37 +37
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SlGNIl CANC OF THE 2Z:ES FOR A STANDARD PERSCN

ThE STANDAR) PERSO-

In the previous section a formula was derived and a chart prepared show-
ing lines of equal relative strain for various combinations of air tem-
perature and humidity, other physical variales, such as rate of work.
I 1-;o *;.r dn~zd tadjiant hceit heini; hcld CCn;ti. ii

stated values believed to be fairly characteristic of shelterconditiana.
A table was provided for adjusting the chart for certain departures from
thesT physical conditions.

It is now necessary to indicate the significance of each of the values of
relative strain shown on the chart, or, more realistically, the signifi-
cance of the psychrometric zones lying between the lines. But again we
rust take a standard situation first, leaving the modifications brought
about by departures from the standard situation for later treatment.
This time it is the individual exposed to the conditions that needs to
be standardized.

The characteristics chosen for the standard individual a'e those of a
healthy male about 25 years of age. not acclimatized to heat. Most of
the subject% reported in the literature of heat physiology are of this
type and this type seems to present n logical point of departure for
the consideration of responses to shelter conditions.

Th- application of the chart% of equal strain zones to practical situ-
ations oi -sheltcr, industrial or other environments requires a knowledge
of the siai.1.fcance of each of the zones in terms of physiological and
psycho',ogical responses and strain. The types and magnitude of the
responses may be multiple and will, of course, vary with the individual
ard the combination of environmental factors to which he is exposed. To
k..ep the number of combinations of interacting variables tomanageable
proportionn, b-oad groupings of significant responses and modifying
individual characteristics had to be made.

The selection of generalizable categories of physiological and psycho-
logical responses that would be meaningful for shelter management pre-
sented conce.ptual scientific and semantic problems that required rather
arbitrary decision,. To make the system mianageuble the number of cate-
Wories had to be kept to a minimum commensurate with clearlydistingu ish-
able- characteristir% with a minimum of "gray areas;' of overlap. Four
categories pertaining to health and well-being and two categorics related
to capabilities wt-re chosen. The significance of each of the iS rones
of equnl environmental stress was determined on the bases of published
,!tn f!or r.-h of the categorie.. The synthesized sir interpreted info.
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rm.t ion is prefientzd in chart form for ready reference. The literature
that was consulted informulating the concepts and conclusions is included
as the second part of the bibliography. In utilizing the published data
much of it had to be converted to the standard conditions that were used
in calculations and construction of the chart on zones of equal environ-
mental stress. Data from several typical studies were corrected to the
Standard Conditions of this report and plotted on the zones of environ-
mental stress chart to illustrate the application of the data obtained
from the literature (Fig. 12).

A precise and absolute definition of each of the categories again pre-
sents problems in semantics in part because the categories are concepts
and are not entirely circumscribed entities that can be described or de-
fined in tht uoual sense. The definitions of the categories are, there-
fore, for guidance and should not be construed as rigid, non-deviating
axioms. The following definitions of categories were used in construct-
ing the standars, effects charts.

Comfort

Condition of therrAl neutrality; the envirotnent feels neither too warm
or too cool: a state of contented enjoyment in physical and mental well-
being with freedom from anxiety; a state of satisfaction with conditions
present.

Discomfort

Thral qnsanti.n of heat or cold; physical and mental unct:inc:s;
uncomfortable; lack of comfort and well-being.

Distress

Physic-l and vental strain or oppression; faintness, nausea, headache,
apprehension, dizziness, irritability, lack of attention, weakness,
unsteady gait, excessive thirst or hunger; pain or suffering; anguish of

r. mind

Fr.i lure

Physiologicl Jnd psychological equilibrium not possible within accept-
able limits of reserve capacity; rise in pulse rateand body temperature,
disturbances in circulatory and temperature regulation; may progress to
collapse and coma; meanlng similar to military o:oncept of casualty.

Per formance

The qu:ntity nnd quality of physica! or mental work aeeonplished;
cahility ta accomplish un;'ful work.
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Tolera,t'

Time of exposure before physiological or psychological responses reach

unacceptable levels.

nOPRETATION

On the bnaii of the foregoing definitions. assumptions and interpreta-
tions of pertinent data in the literature corrected to our standard
conditions, a chart expressing the physiological and psychological

ign ificnncer if the zmnes was constructed for the Standard Person. These
relationships for each of the categories of responses at each of the
zones of equal envirowental stress are expressed in the charts (Figs.
13 24) The concept of use of the charts is straightforward and is based
on a few rather general rules. The basic rules for the utilitation of
the chnrts are:

I. A completely filled square at any response category -- stress zone
intersect means that most individuals will respond to the environmrent of
the zone with the responses characteristic of the category.

2 A blank square at any response category -- stress zone intersect
occurring to the right of the shcded area means that the stress zone is
beyond the range of normal, expected responses. If it occurs to the left
of the shaded area, it means that the zone falls below the conditions at
which abnormal reactions can be expected.

3 A three-fourths. one-half or one-fourth filled square at any responise
category -- %tress zone intersect means that that proportion of individ-
uals will exhibit the characteristic responses.

4 A blunt point on the filled category line means that there is narrow
r.wige of inter-individual variability in response to the stress.

5. A long point on the filled category line means there is a wide range
of inter-individual vaiability in response to the stress.

6 Where- there are no criteria for estimating the response in any rate-
gory, the entire line is blank.

The interpretation of the significant effects charts will be illu.1trated
by a detniled discussion of chart for the Standard Person (Fig. 13).
Th,- procedure for utilization of the chart is similar for all of the
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Comfort Category

h, block of intersect zone .I is filled in completely except for a small
area in the top and bottom corners at the junction of zones .1 and .2.
T1is means that all individuals will be comfortable for most of zone .1.
A few individuals, less than 25 per cent, will feel that the set of en-
vi 'onmental conditions represenced in the right hand portion of zone .1
will be too warm. As the environmental conditions become progressively
more severe through zone .2. a progressively larger per cent nf indi-
viduals will say the conditions are too warm u..til at the junction
between zone .2 and .3 and beyond everyone will feel that the conditions
ere too watm. The blank area in the comfort category line indicates
those environmental conditions where people will not be comfortable. In
general most individuals will be comfortable in zone .1. on the average
only S0 per cent of individuals will be comfortable in zone .2 and no
one will be comfortable beyond zone .2.

Discomi'ort Category

In the combinations of environmental conditions represented in zone .1
very few individuals will experience discomfort. The percentage of
individuals who will find the environment uncomfortable will progres-
sively :,ncrease throuh zone .2 and from zone .3 through zone 1.5 every-
one will .zxpress discomfort or will have more serious symptoms and
complaints. Zone .2 then Is the boundary between comfortable conditions
and conditions that are too hot for cow-fort.

Distress Category

Complaints and symptoms should not reach serious proportions in combi-
natioans of euivironment conditions less stressful then those represented
in %one .3; sones .1 and .2 wuld not be expected to elicit distress
corplaints. In zone .3 the percentage of individuals with complaints and
the siverity of the symptoms will prowressively increase. When the cn-
iticns represented by the mid-point of zone .4 are reached, all individ-

uals will experience soem degree of distress. From zone .5 onward the
jeverity and number of symptoms will progressively increase and will
shortly be overshadowed by the more serious failure of physiological and
psychological systems.

Failure Category

The inter-individual variability in ability to meet the challenges of a
utressful thermal environment is large. As indicated in this category
some irwividuals will show signs of failure et the beginning of v'ne .4,
about 50 per cent will exhibit signs of failure ruider conditions repre-
sented by the zone .4 to .5 boundary, and all will have some degree of
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Eleven non-standard situations were selected which cover most of the
factors known to alter responses to heat. A separate "significance of
zones chart" with interpretation was prepared for each of the eleven
non-standard situations. Each of these charts will also be briefly
analyzed to illustrate its use and to point out the major differences
between it and the Standard Persos chart.

ACE 45-65 YEARS (Fig. 14)

The major change, as a function of increasing age, will be a decrease in
the range of adaptability. This is indicated by a blunting of the points
in the comfort and discomfort categories of responses. How much of the
decreased adaptability is due to changes in capacity to adap7 and how
much is due to increasing self-indulgence and reluctance to put-up with
unpleasant situations is not apparent from the available data. In the
end, however, the practical importance to shelter management may not be
greatly different.

The onset of distress a*nd of failure will occur on the average at com-
binations of environmental stress about one stress zone less severe than
for the Standard Person. Many middle aged adults will be remarkedly
resistant to the environmental stresses but a much greater proportion
than in the stardard group will showsigns and symptoms of deterioration,
reduced performance and decreased tolerance to heat stress.

AGZ 65 AND OVE (Fig.- 1)

Older adults will have lost a major part n( thoir &billty to adapt to
stressful environments. This is indicated by the extreme blunting of
the points in the comfort and discomfort categories, a shifting to the
left. blunting of the distress and failure categories and a large reduc-
tion in the ability to perform work and to tolerate severe conditions.
Distress an failures will occur about one and one-half environmental
stress zones sooncer than they occur in the Standard Person. The same
relative relationships are to be expected for performance and tolerance.

-INANTS (Fig. 16)

In many aspects the responses and adaptability of infants will resemble
those intermediate between the middle aged adults and the elderly. The
comfort and discomfort overlap will be rather sharply limited to zone .2
but the cooler conditions at the beginning of zone .1 maybe too cool for
the newborn. Prickly heat and increased irrtability may be prominent in
category .2 particularly if the skin cannot be kept dry. Some breakoown
of body temperature regulation can be expected in zone .3 in the younger
infants and in those in whom the temperature regulating mechani.n has
not been fully developed. Because oi the slow maturing of temperature
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failure, under the conditions of the zone .5 to .6 boundary. Failures
will be progressively more severe as envirornenttl conditionrs become more
stressful in zone .6 and above. At zonle 1.0 and above the onset of
failures will be rapid and severe.

Performance Categorv

Deterioration i~n physical and mental worlicapacity is not Likely tn n4et'f
u&rkv enviromentuil conditions in zones .1 and .2. With the occurrence
of distress, performance will fall off with some individuals. However,
a wide inter-individual range of '-iuistance to deterioratioin of perform-
ance can be expected. This is indic Ated by the long-talmring shaded
area extending~ into zone 1.0. Level of skill, motivation, state of
physical training, euperience in hot situations end many othier factors
will biter the rate and extent of deterioration that is li1lf,1y to occur
in any of the environmental stress tones above 0.3. A general rule is,
however. that, the greater the environmental stress the mc'rc extensive
and rapid -jill be the deterioration of performance.

Tolerance Category

Besides the severity of the envirooment.Al stress, the Ienlith of time the
individual is exposed Is irsportent In determining tolaranve. Physiolog-
ically and psychologically most people can tolerate enviromental condi-
tionis up to those represented in zone .4. Beyondl zone .4 the conditions
can still be tolerated provided the length of e psure is decreased. The
Standard Person can tolerate conditions more severe than fboe rtpre-
sented in zone 1.5 for petriods of 15 to 30 minutes. The long tape-red
shaded area from rone .5 through 1.5 inditcater that. t4olerance time
hf-memj Progressively shorter as the envirortnental contlitinns beecome
progreiasively more severe.

CHA14WJ)_S!GLFICANCZ OF =11 Z FOR NOr4-SrMADAA) PERX

Many of the people iwho may make up a shelter population will have char-
acteristics quite different from the Standard Ferstx*. There will be
infants, children. middle age adislts, aged, people al( all ages with a
variety of diseaser. disorders and IIiltat ions -- condi'.ions all of which
will change the physiological #Mdpsychological significance of the zones
of equal .nviromeuitfal stress. Appreciating the mogniltude of the changes
in the signifkcance of the zones for Individuals who tsay differ from the
Standard Pernon, separate charts of significance wero prepiared for major
groups of non-standiird Individuals. The choice of grouupings wags bosed on
literature reports of factors which had beers obusrved to alter the
normal respofises to thermal str*,% .
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Eleven non-standard situations were selected which cover most of the
factors known to alter responses to heat. A separate "significance of
Zones chart" with interpretation was prepared for each of t'he elevent
non-standard situations. Each of these chart* -ill also be briefly
analyzed to illustrate its use and to point out the major differences
between it and the Standard Person chart.

AGZ 45-65 YEARS (Fig. 14)

1he major change, as a function of increasing age, will be a decrease in
the range of adaptability. This is indlicated by a blunting of the points
in the comfort and discomfort categories of responses. How much of the
decreased adaptability is due to changes in capacity to adapt and how
much is due to increasing self-indulgence and reluctance to put-up with
unpleasant situations is not apprent from the available data. In the
.nd, however, the practical importance to shelter management may not be
greatly different.

The onset of distress and of failure will occur on the average at com-
binations of environmental stresa about one stress zone less severe than
for the Standard Person. Many middle aged adults will be remarkodly
resistant tc the environmental stresses but a such greater proportion
than in the standard group will show signs and symptoms of deterioration.
reduced performance and decrease%! to!ersnce to heat stress.

A 65 A OVER Fig. 15)

Older adults will have lost a major part of their ability to adapt tn
stressful environments. This Is indicated by the extreme blunting of
t.he points in the comfort and discomfort categories, a shifting to the
left, blunting of the distress and failure categories and a large reduc-
tion in the ability to perform work and to tolerate severe conditions.
Distress and failures will occur about one and one-half environmental
st'ress zones sooner than they occur in the Standard Person. The some
relative relatinrships are tc! be expected for performance and tolerance.

Mr.1 ( l. 6)

An many aspects the responses aid adaptability of infants will resemble
those intermediate between the middle aged adults and the elderly. The
comiort snd discomfort iwerlp will be rather sharply limited to zone .2
but the rooler conditions at the beginning of zone .Imayb-t too cool for
the -newlorn. Prickly h"at and increased irritability may be prominent in
catento'y .2 particularly if the s0in cannot be kept dry. Some breakdown
of btody tempervture regulation can be expected in zone .3 in the ymnger
infarits and in those in sham the temperature regulating mechanism has
,.,wt been fully developed. Because of the slow maturing of temuperature
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regiulntionn in infants. tolerance time may he sharply limited nt the more-
extreme onvirormental conditions of zone .5 aud beyond. None of the
usual cri*erion of performance is applicable to infants; consequently.
the entire category is left blank and is not considered to be pertinent.

1SE a - f7)

Obesity will, even in young adults, decrease tho capacity to adjust to
1vW'iro.ff.entl -tre3S. The energy cO-t of carrying the added wei;ht at

fn, will, of course, increase the total heat production at any level of
work. Its effect will be similar to increasing work rate. The thick
subh-itaneous fat layer may also serve ao a barrier to hstat exchange
between the underlying tissue and the skin surface. The obese young
adilt can be expected to react to a heat stress ich as the middle aged
adult does. Tolerance time. however, in extreme conditions of short
exposure may actually be rather better than expected because the sub-
cutaneous fat will act as a thermal insulator to the gain of heat from
the external environment. Such severe conditioris when the fat would
hellp to prevent heat gein is not likely to occur in shelter conditions.
OWJeitity can be erpected to exagnerate the deterioration that will occur
in Increasing age raid In the disease or disorder conditions.

ACLI F Mn (Fig. 18)

The benefite to be obtained from being acclimatized to heat are dramatic
for sill individuals. The upper limit of -. nditions that will be con-
sidered comfortable is extended by at lea6% half an environmental stress
zone and discomafort will. of course, appear later. 7he great advantages
will ccur in the distress, failure, performance and tolerance categories.
in the Standard Person. being acclimatized to a hot enviroment will in
effort- liminat. moqt of the impact of the enviroi ent. The Standard
Person can be acclimatized to entironment stresses as severe as those
encountered in zone .9 to 1 .0. P'yond this point, acclimatization as
usually defined probably cannot be fully achieved.

IAMI1 WAER (Fit. 19)

Lock of sufficient fluid inta'ke to replace the water lost in the urine.
through the skin and lungs and by vomiting, diarrhea or bleeding will
eventually lead to a decreased ability to adapt to a hot environment.
Under most wituations. sweating will be the major avenue of excessive
water loss. In some metabolic d dermatological disorders the rAte of
sweating may be augjsented or severely reduced--eac of which may lead to
serious consequences. Gastroint-stinal disorders with vomiting or diar-
rhea cn result in rather large writer losses. If a limited water intake
results in a body water deficit of more than 2.5-3.0 liters, rapid
det-.rioration will ensue in a hot environment. This is depicted in the
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,chart by the ooset of distress and failure in the environmental stress
zone .2. and rapid decay of performance anti tolerance under conditions
of loties .2-.5 and the complete inability for useful work at zone .5 andu
beyond.

METABcLIC DISORDERS (Fig. 20)

Only those metabolic disorders are included here that will influence the
nnrmal refponses to a hot environment mainly by Itcreasing body heat
production, by altering the body temperature re&Llating wechmnim and bo,
altering peripheral vascular control: hypometabolic disorders were dis-
regrrded. The net effect will be to decrease the maximum environmental
stress at which thermal equilibrium can be achieved. There is little
evidence to 3uiiest that the comfort and discomfort responses w.11 be
significmntly altered. However. the distress and failure categories will
appear at lower environmental stresmes and performance and tolerance will
also be decreased. Individuals with mild metabolic disorders will have
less deterioration in adaptation than those shown in the chart while
severe metabolic disorders will result in exaggerated changes.

DEAILOGICAL DIlSMM (Fig. 21)

Dermatological disorders will exert three effects on heat adaptability
mainly througe alterations in peripheral blood flow, througjh reduction
in sweat production and by being a primary source of pain and distress.
Cofort. will be experienced in zone .1 and in part of zone .2 with dis-
comfort appearing as the inverse of the rateof disappearance of comfort.
Distress will occur at environmental conditions which ara not particularly
severe but failure -axy not occur unusually earl: except in individuals
with extensive sweating defects or alterations in peripheral blood flow
or peripheral vascular control. Again except for the individuals with
rother 4rxtensive involvements, deterioration of performance and tolerance
wll not present a seriously limiting problem through zone .3 and .4.

CAR)ICP MMABY DI90i5 (Fig. 22)

Disorders of the cardiopulmonary rystem would not be expected to after,
to any marked extent, the enviroarmental limits which would be coml.dered
comfortable and thv onset of disccmfo~t. Besides the general dimirution
in reserwo capacity associated with cardiopulmonary disorders, alterations
in perilperal blood flow will have a special significance related to the
thermal e-xchange with the environment. Under conditions of a hot environ-
ment similar to that represented by zones .4 to .S. inthe Standard Person
peripheral blood flow arxd vardiac output will be increased swveral times
over that required in cool environments. If this increased demand for
blood fl.v catuot be met, then distress and failure to maintain thermal
balance with all its consequences will ensue. Performance and toleratice
will rapidly deteriorate with increasing thermal loadsand the indiv.duals
will become quite ineffective as early as %one .3 or .4.
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GAS MINA DISD (Ft. 23) 1

Besides the overall distress associated with gastrointestinal disorders,
when combined with a thermal load the consequences car be quite devastn-
ting. The comfort zone and the onset of discomfort need not necessarily
be seriously altered, However, the dehydration likely to occur as a
result of vomiting and diarrhea can result in nerious interference with
heat exchanee and the inevitable increase in body temperature, with
distress and failure at environmental heat loads which the Standard
Person will tind relatively unstressiul. Arceptabie isvia ut -
ance snir tolerance catn be expected only at the lower zones of equal
environmental stress (zones .1 and .2). In addition to the dehydration
that may be part of the disorders. circulatory effects may also be a
complicating factor particularly in the presence of a thermal load.
Under such circumstances the ability to meet the insult of the thermal
load will be drastically reduced.

PSYMIMICAL ANALITIES (Fig. 24)

The alterations in responses that are likely to be exhibited by this
group of individuals may seem inordinately dramatic in vi-w of minor
changes in functions that may be present. The range of conditions to
which they can adapt will be narrow so that mall changes in the level of
stress will provoke abnormally large reactions. Comfort will be mostly
limited to zone .1 and conditions in zone .2 will evoke both discomfort
and distress reactions. On the other hand, failures may not occur as
,vatkily .:h wuuU t61 'CAP.ted frC-i thc cxor,:.:lion% of =-j.o'!o't"::. ...
distress. Performance and toierance wills V grossly limited to a large
extent because of the characteristics of "he group to put up with a
situation that is net to their liking. Fur shelter management this may
be one of the groups that will cause the greatest problems. The reac-
tions to any level .nvironmental stress outside the comfort zone will be
exagge rat ed.
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CONqCIASICN

Thit renort aronse nut of a need fnr a isyst 'tt' .'.thed of pitdictiin
the probable ettect of given shelter environments upon the various
typcs of people 4ho might have occasinn tn uzc them. By sgreement, it
was restricted to the thermal aspects. Even within this limited scop.-
consilerable body of informAtion is available, Nit such attempts as have
previously been made to derive from it a systematic orediction schem-
have largely failed to include the action of certainimportant variables,
.. w t,, i:is.ati- tw sitticance of conciitio~ns for populations other than
1w- id-0l ly hA lthy.

The predictive scheme offered here it in four parts: (a) a chart for
determining the probable relative %train posed by an, temperature-
humidity combination upon a (specified) standard individual tmndir
(%pe-ifid) standard conditions: (b) a table for adjusting the el'art to
other than the standard values of activity and air movement; (c) an
evaluation of the significance of each zone of relative strain for a
(specifed) standard individual; and (d) evaluations of each zone of
relative strain for certain non-standard individuals.

This scheme is by no means the ultimate in predictive measures; it repre-
sents the bt-st judgment of the authors based on the limited available
evience. As data accumulate, knowledge is extended, and understanding
of p iysiological mechanisms improve, greater precision will undoubtedly
be possible and better schemes will be devised. They believe, however.
that the present scheme will Pnahlp thnoo rvur .r.,it Fr U S,' r
m.rnagcmcnt to anticipete reasonably well the consequences of any given
set of thermal conditions.

Certain itemts contained in the original list of factors to be considered
(contigiiity nutrition, individual variability, and ewecerba! ion of pre-
existing con-Jitions) have not been reported upon, by reason of the
difficulty in acq, iring rdequate information in the available time. Of
the six majo criteria of an adequnte predictive scheme listed early in
thw iftpoit the- first three are fairly %ell met. The fourth, adjustment
of prediction to ncn-standard indiiduals, has been covered in summary
fnthion It would be very desirable to expand this aspect of the scheme.
to provide separate predictiuns, fo? example. for congestive oardiac
failure anginal affections, hypertensive states, and dysrhythmias: but
for only one of toese cardiacdisorders are anything approaching adequate
data readily available Under the term 'metabolic disorders", also. i
variety of quite different disturbances are lumped together, many of
which detcrive separate treatment. For the sixth criterion - time effect
. te have a qvned an occtipancy of more than 24 hours as characteristic
of %helter usc. For the fifth limits of confidence • we simply do not
hav, sufficif-nt data
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The exttnsive bibliography, should be of asslstance to those who wish
either to check the evidence, an which the authors based their judpoents.
or to seek further for the information that is in many instances to
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